We present uniformly measured star formation histories (SFHs) of 40 Local Group dwarf galaxies based on color-magnitude diagram (CMD) analysis from archival Hubble Space Telescope imaging. We demonstrate that accurate SFHs can be recovered from CMDs that do not reach the oldest main sequence turn-off (MSTO), but emphasize that the oldest MSTO is critical for precisely constraining the earliest epochs of star formation. We find that: (1) the average lifetime SFHs of dwarf spheroidals (dSphs) can be approximated by an exponentially declining SFH with τ ∼ 5 Gyr; (2) lower luminosity dSphs are less likely to have extended SFHs than more luminous dSphs; (3) the average SFHs of dwarf irregulars (dIrrs), transition dwarfs (dTrans), and dwarf ellipticals (dEs) can be approximated by the combination of an exponentially declining SFH (τ ∼ 3-4 Gyr) for lookback ages > 10-12 Gyr ago and a constant SFH thereafter; (4) the observed fraction of stellar mass formed prior to z=2 ranges considerably (80% for galaxies with M < 10 5 M to 30% for galaxies with M>10 7 M ) and is largely explained by environment; (5) the distinction between "ultra-faint" and "classical" dSphs is arbitrary; (6) LG dIrrs formed a significantly higher fraction of stellar mass prior to z=2 than the SDSS galaxies from Leiter 2012 and the SFHs from the abundance matching models of Behroozi et al. 2013. This may indicate higher than expected star-formation efficiencies at early times in low mass galaxies. Finally, we provide all the SFHs in tabulated electronic format for use by the community.
INTRODUCTION
The Local Group (LG) is home to a diverse collection of dwarf galaxies. They span a wide range in luminosity, metallicity, and stellar content, all of which encode information about the origin and evolutionary history of each galaxy, and in turn, the assembly history of the LG as a whole (e.g., Hodge 1971 Hodge , 1989 Mateo 1998; van den Bergh 2000; Tolstoy et al. 2009; McConnachie 2012; Ibata et al. 2013) .
Because of their low masses, dwarfs are recognized as relatively fragile systems. Present day dwarfs have been strongly influenced by both external processes (e.g., tidal effects, ram pressure, intense ultra-violet radiation from the epoch of cosmic reionization and from star formation in nearby massive galaxies) and internal mechanisms (e.g., star formation, stellar feedback from su-pernovae, galactic scale winds, turbulence). These processes have re-shaped their dark and baryonic components throughout the galaxies' lifetimes (e.g., Dekel & Silk 1986; Efstathiou 1992; Mac Low & Ferrara 1999; Bullock et al. 2000; Mayer et al. 2001; Governato et al. 2010; Brooks et al. 2013; Kazantzidis et al. 2013) . Disentangling the relative contribution of each physical process is key to understanding a wide range of astrophysics including star formation in extremely low metallicity environments, galaxy morphological transformations, the coupling of dark and baryonic matter, the mechanisms by which galaxies' gas supplies are depleted, interactions between host and satellite systems, and the mass assembly history of the LG, all of which have broader implications for how galaxies and groups of galaxies evolve.
At present, all known dwarf galaxies in the LG have been observed with space-and/or ground-based imaging. These data reveal the galaxies' resolved stellar populations (e.g., Hodge 1989; Mateo 1998; de Jong et al. 2008a; Tolstoy et al. 2009; McConnachie 2012; Brown et al. 2012; Belokurov 2013; Martin et al. 2013 , and references therein), allowing us to infer their stellar age distributions. The colors and luminosities of individual stars can be directly compared to stellar evolution models, yielding the galaxy's star formation rate (SFR) as a function of look back time and metallicity, i.e., a star formation history (SFH) . Within the literature, there are approximately two dozen algorithms for this resolved star colormagnitude diagram (CMD) analysis, Most have been shown to be produce consistent solutions when applied to the same data, providing confidence in our overall ability to accurately decipher CMDs (c.f., Skillman & Gallart Figure 1 . A visualization of past published CMD-based SFH studies of LG dwarf galaxies between 1989 and 2013. Each box represents a single paper and its height indicates the number of galaxies included in the paper. The colors range from single galaxy papers in dark red to a paper with 12 galaxies in dark blue. As illustrated here, the majority of past LG dwarf SFHs are from papers studying single or small sub-samples, resulting in a fair degree of heterogeneity in our current knowledge of LG dwarf SFHs. We have excluded LG SFH compilations (e.g., Mateo 1998; Tolstoy et al. 2009 ), as they only provide summaries of SFHs already in the literature. The literature references for this plot are listed in Table 1. 2002; Skillman et al. 2003; Tosi 2007; Tolstoy et al. 2009; Monelli et al. 2010b; Walmswell et al. 2013) .
However, despite extensive observations and analyses, most SFHs have been derived in studies of single or small sub-samples of LG dwarfs, as shown in Figure 1 and Table 1. The majority of these studies use different data reduction methods and CMD analysis techniques ranging from overlying isochrones by eye to formal CMD fitting. They also employ different stellar evolution libraries, and present results in a wide variety of formats. The result is a rich but extremely heterogenous measurement of LG dwarf SFHs. Some of these limitations have been addressed in compilations and review articles (e.g., Grebel 1997; Mateo 1998; Tosi 2007; Tolstoy et al. 2009 ), but the overall lack of uniformity remains.
One way to remedy these shortcomings is by uniformly analyzing large datasets of high quality imaging. Here, we focus on data taken with the Hubble Space Telescope (HST), which has resolved millions of stars in dozens of LG dwarf galaxies over the past 20 years (e.g., Holtzman et al. 2006; Monelli et al. 2010a,b; Hidalgo et al. 2011; Brown et al. 2012) . The instrumental uniformity and characteristically deep CMDs provided by HST are therefore among the best available for systematically measuring SFHs of LG dwarf galaxies. HST's high angular resolution allows one to measure fluxes for stars fainter than the current generation of ground-based telescopes, with which we are unable to resolve stars fainter than the oldest main sequence turnoff (MSTO) in any but the Milky Way (MW) satellites.
In this paper, we take a first step toward increasing the uniformity of LG analyses by presenting SFHs for 40 LG dwarfs. We carry out uniform reduction and analysis of archival observations taken with the HST/Wide Field Planetary Camera 2 (WFPC2; Holtzman et al. 1995) ; Although no longer in service, HST/WFPC2 was used Tosi et al. (1989) WLM, Sex B Tosi et al. (1991) Sex B Greggio et al. (1993) DDO 210 Smecker-Hane et al. (1994) Carina Marconi et al. (1995) NGC 6822 Da Costa et al. (1996) And I Gallart et al. (1996) NGC 6822 Lee (1996) NGC 205 Saviane et al. (1996) Tucana Tolstoy (1996) Leo A Aparicio et al. (1997c) LGS3 Aparicio et al. (1997b) Peg DIG Aparicio et al. (1997a) Antlia Dohm-Palmer et al. (1997a) Sex A Dohm- Palmer et al. (1997b) Sex A Han et al. (1997) NGC 147 Mighell (1997) Carina Mould (1997) LGS3 Dohm-Palmer et al. (1998) GR 8 Gallagher et al. (1998) Peg DIG Grillmair et al. (1998) Draco Hurley-Keller et al. (1998) Carina Martínez-Delgado & Aparicio (1998) NGC 185 Tolstoy et al. (1998) Leo A Bellazzini et al. (1999) Sag DIG Buonanno et al. (1999) Fornax Caputo et al. (1999) Leo I Cole et al. (1999) IC 1613 Gallart et al. (1999) Leo I Karachentsev et al. (1999) Sag DIG Martínez-Delgado et al. (1999) NGC 185 Note. -An exhaustive list of original CMD-based SFH studies of LG dwarfs between 1989 and 2013. We have excluded LG SFH compilations (e.g., Mateo 1998; Tolstoy et al. 2009 ), as they only provide summaries of SFHs already in the literature. The full list is shown in Table A1 .
to image a large fraction of the LG dwarf population, providing deep CMDs for nearly all targeted systems. Presently, we focus on deriving SFHs for LG dwarfs using homogeneously reduced datasets and an identical SFH code, thereby providing an extensive dataset of SFHs with minimal systematics. This work builds on our preliminary, but unpublished, HST-based LG dwarf SFHs first presented in Dolphin et al. (2005) , and later summarized in Orban et al. (2008) and Weisz et al. (2011b) . In a subsequent paper in this series, we will include SFHs derived from recent and ongoing observations with the Advanced Camera for Surveys (ACS; Ford et al. 1998) and Wide Field Camera 3 (WFC3; Kimble et al. 2008) , which are acquiring imaging of dwarfs without previous HST pointings and/or are increasing the CMD depths in order to fully capture the oldest MSTO for galaxies with existing HST observations (e.g., Cole et al. 2007; Monelli et al. 2010a,b; Hidalgo et al. 2011; Brown et al. 2012 ).
This paper is the first in a series on the SFHs of LG dwarf galaxies. Here, we detail the process of translating CMDs into SFHs, including extensive exploration of the reliability and uncertainties in the measured SFHs, and explore a variety of science relating to the formation and evolution of the LG and low mass galaxies. We also tabulate all the data that will be used in future papers in the series. The next paper in this series discusses the signatures of reionization in LG dwarf SFHs ), while future papers will explore a variety of Figure 2 . The spatial distribution of LG dwarf galaxies projected into the supergalactic X-Y plane. Galaxies analyzed in this paper are color-coded by their absolute V-band magnitude, while other galaxies are left as grey points. Outside the LG, the grey points are (from left to right): Antlia, NGC 3109, Leo P, and UGC 4879. The size of each point is proportional to the galaxy's half-light radius. Following McConnachie (2012) we adopt R virial = 300 kpc for both the MW and M31, and a zero-velocity radius of 1060 kpc for the LG.
SFH related science including quenching timescales and comparisons to state-of-the-art simulations of low mass systems.
This paper is organized as follows. We summarize the sample selection and data reductions in §2. We describe the process of measuring a SFH from a CMD and discuss a number of challenges related to CMD fitting and uncertainty analysis in §3. We proceed to empirically characterize the SFHs of the LG dwarf galaxies in §4. In §5, we compare our SFHs with spectroscopically based SFHs of star-forming SDSS galaxies and with SFH models based on abundance matching techniques. Finally, we provide a summary of our results in §6. Throughout this paper, the conversion between age and redshift assumes the Planck cosmology as detailed in Planck Collaboration (2013).
THE DATA
2.1. The Sample For this paper, we have selected only dwarf galaxies that are located within the zero surface velocity of the LG (∼ 1 Mpc; e.g., van den Bergh 2000; McConnachie 2012) . This definition excludes some dwarfs that have been historically associated with the LG, such as GR8 and IC 5152, but which are located well-beyond 1 Mpc. We have chosen to include two galaxies with WFPC2 imaging that are located on the periphery of the LG (Sex A and Sex B), because of their ambiguous association with the LG, the NGC 3109 sub-group, or perhaps neither (although see Bellazzini et al. 2013 , for discussion of the possible association of these systems). Others in this sub-group, Antlia, UGC 4879, Leo P, do not have WFPC2 imaging, and are therefore not included in this paper. Following previous LG galaxy atlases (e.g., Hodge 1971 Hodge , 1989 Mateo 1998 ; McConnachie 2012), we have not included the SMC and LMC in this paper, as all the authors consider them to be too massive/luminous. Instead, we are pursuing separate analysis of dozens of HST fields in these galaxies; preliminary results are presented in Weisz et al. (2013) .
Of the ∼ 60 known dwarfs located within ∼ 1 Mpc, we analyze those that have optical WFPC2 imaging in the HST archive. Photometry for a majority of these galaxies was measured as part of the Local Group Stellar Photometry Archive 9 (LOGPHOT; Holtzman et al. 2006) , which provides a repository of uniformly reduced HST resolved star imaging of WFPC2 observations of LG targets taken during or prior to 2006. After 2006, the majority of LG dwarf observations were taken with ACS and/or WFC3. However, between the failure of ACS and completion of SM4, a handful of additional WFPC2 observations of LG dwarfs were executed. From these observations, we have added 8 galaxies that were not reduced as part of LOG-PHOT: Andromeda XI, Andromeda XII, Andromeda XIII, Canes Venatici I, Canes Venatici II, Hercules, Leo IV, Leo T (HST-GO-11084; PI D. Zucker); and one new central field for Sculptor (HST-GO-10888; PI A. Cole). To maintain uniformity throughout the sample, these datasets were reduced using the LOGPHOT photometric pipeline, and have been incorporated into the LOG-PHOT online database.
In total, our sample consists of 53 fields located in 40 LG dwarf galaxies, or roughly 2/3 of the known LG dwarf population. Their spatial distribution is shown in Figure 2 . Galaxies in our sample span a wide range in luminosity, mean metallicity, and morphological type ranging from extremely low luminosity metal-and gaspoor systems such as Canes Venatici II (M V = −4.9) to more luminous, higher metallicity, and gas-rich galaxies such as NGC 6822 (M V = −15.2). The tidally disrupted galaxy Sagittarius dwarf is also included. Following conventional morphological designations, our sample consists of 23 dwarf spheroidals (dSphs), 4 dwarf ellipticals (dEs 10 ), 8 dwarf irregulars (dIs), and 5 transition dwarfs (dTrans). The latter class are galaxies that have observed HI but have no detectable Hα emission (e.g., Mateo 1998), and have historically been associated with the transition from gas-rich to gas-poor (but see Weisz et al. 2011a , for discussion of the various processes that can produce dTrans galaxies).
The majority of our sample consists of single WFPC2 pointings targeting the central, highest surface brightness region of each galaxy. In some cases, there are multiple pointings available per galaxy. We evaluated the quality of CMDs of the additional fields (e.g., filter combinations, photometric depth), and added fields that were likely to help construct a more globally representative SFH of that system. The final selection of galaxies and fields, along with their observational characteristics, are listed in Table 2 .
Because our sample was selected based on availability of WFPC2 observations, there are at least three important selection effects we must consider. First, our sample is neither complete nor unbiased (in any sense) in its construction (e.g., more luminous dwarfs tend to have been discovered and observed with HST first, whereas a number of LG dwarfs have no WFPC2 imaging). Second, the fields typically cover variable fractional areas of of each galaxy. For the closest MW companions, WFPC2 fields typically subtend a small fraction (< 10%) of the galaxy. In contrast, for galaxies on the edge of the LG, the WFPC2 footprints cover a larger physical area of the galaxy (> 30%); the majority of galaxies fall in between these two extremes. Third, field placement varies from galaxy to galaxy. In some cases, the fields were centered on a galaxy, in others, off-center locations were chosen to minimize crowding effects.
The net result is that the selection function of our sample is quite complicated. While we do not attempt to quantitatively model the potential selection biases, we do qualitatively discuss them in cases where the heterogeneity of the data may compromise any physical interpretation of our results. We have summarized the spatial locations and areal coverage of each field in Table 3 , and 10 We include M32 in this category for convenience, even though it is a compact elliptical (e.g., Kormendy 1985; Kormendy & Bender 2012) list other observable properties in Table 4 .
Photometry
The flux of any stellar-like objects in the images were measured using point spread function (PSF) photometry with the HSTPHOT software package, which has been specifically designed to handle the under-sampled PSF of WFPC2 images (Dolphin 2000b) . The majority of the photometry was derived as part of LOGPHOT (Holtzman et al. 2006) , and the resulting datasets were downloaded from the LOGPHOT online database. For the 8 additional galaxies, we ran the LOGPHOT pipeline on the c0f and c1f WFPC2 images that were downloaded from the HST archive, ensuring homogeneity in data reduction and calibration. Following the data quality recommendations in Holtzman et al. (2006) , we designated good stars to be sources with data flag values of 0 or 1. For each pointing we also ran or acquired from the LOGPHOT at least ∼ 1.2×10 5 artificial star tests, which provide an accurate means of modeling the noise and completeness of the observed CMDs. More details of the entire WFPC2 photometric reduction process can be found in Dolphin (2000b) and Holtzman et al. (2006) .
For a minority of the galaxies, we made small modifications to the photometric catalogs. In the cases of Fornax u2lb02 and WLM u37h01, we excluded WFPC2 chips that were centered on globular clusters, to reduce potential age biases in the SFHs. In the case of Tucana, we combined two adjacent WFPC2 fields (u2cw01 and u2cw02) into single photometry and false star lists, after verifying that their completeness functions were statistically identical. Finally, in the case of Sagittarius, we combined a handful of overlapping fields, after removing duplicate stars, and utilized off galaxy pointings as the background field. Specifically, fields u37502 and u37504 were concatenated to fields u37501 and u37503, respectively. Fields u37505 and u37506 were used as empirical proxies for modeling contamination due to intervening Milky Way populations. The data for all fields discussed here are available via the LOGPHOT online repository.
Color-Magnitude Diagrams
In Figure 3 , we plot the CMDs for all fields in our sample in order of increasing V-band luminosity. Because of the variety of filter combinations, the x-and y-axes simply indicate a canonical absolute magnitude (based on distance and extinction determinations described in §3.2) and color. The specific filter combinations for any particular field are listed in Table 2 . The magnitude plotted on the y-axis is the reddest filter available for a given field.
The archival WFPC2 data generally yield CMDs that reach below the oldest MSTO out to a distance of ∼ 450 kpc, i.e., 1.5R virial (R virial ∼ 300 kpc; McConnachie 2012). As shown in Figure 2 , this includes all MW satellites and two galaxies, Phoenix and Leo T, that are not considered satellites.
The CMDs shown in Figure 3 are diverse. The faintest galaxies typically have sparsely populated and predominantly older sequences, e.g., the red giant branch (RGB), horizontal branch (HB), and sub-giant branch (SGB) -with the notable exception of Leo T, which has a clear but poorly populated young blue plume, despite Note. -The observational properties of each field analyzed in this paper. The corresponding CMDs for each field are shown in Figure 3 . Column (2) is the unique HST field identifier. Column (9) indicates the completeness fraction at the adopted faint photometric limit of our CMDs as listed in in Column (8).
being among the faintest systems. However, among the faintest systems, the CMD morphologies vary considerably. First, the width of the RGB and/or SGB of the faintest systems can sometimes be larger than the photometric errors (typically <0.05-0.1 mag in color), suggesting that not all faint galaxies are mono-metallic and/or single age populations. Second, the faintest Andromeda satellites in our sample (And XI, XII, XIII) all show well-populated, and red HB populations compared to MW satellites of comparable luminosities. This finding is similar to previous comparisons of HB morphologies between M31 and MW dwarfs (e.g., Da Costa et al. 2002 , who suggested the possibility of systematic age differences between satellites of the two systems).
We discuss potential differences in the SFHs of MW and M31 satellites in §4.2.
Some of the slightly brighter, intermediate luminosity dwarfs (i.e., Draco to Fornax in Figure 3 ) share similar characteristics with the faintest galaxies, e.g., predominantly old populations and sparsely populated blue plumes. However, with increasing luminosity, the CMD morphologies change to have broader RGBs and/or SGBs, clear populations of asymptotic giant branch (AGB) stars, and clear HB populations that exhibit varying types of morphologies and densities. Some of the intermediate luminosity dwarfs also have clear blue plume populations. In some cases, the blue plume populations are believed to be intermediate to young aged MS stars Figure 3 . CMDs of all fields analyzed in this paper, sorted by the increasing absolute V-band magnitude. The field names are color-coded by a galaxy's association with the MW (black), M31 (red), or the field (blue). Given the heterogeneity in filter sets, we have indicated only a canonical color and reddest available magnitude on the x and y axes, respectively. The specific filter combinations are listed in Table  2 . All galaxies associated with the MW have CMDs that extend below the oldest MSTO. However, only two field galaxies (Phoenix and Leo T) and no galaxies associated with M31 have comparably deep CMDs.
(e.g., Leo II, Phoenix, Carina, LGS 3), whereas in others (e.g., Draco, Sculptor) these populations are thought to be older blue stragglers (e.g., Mapelli et al. 2007; Momany et al. 2007; Mapelli et al. 2009; Monelli et al. 2012; Sand et al. 2010; Santana et al. 2013) . The dIrrs in this luminosity range (e.g., Leo A, Sag DIG) show clear young blue plume populations.
Finally, the most luminous systems in our sample (i.e., brighter than WLM) are either dEs associated with the M31 subgroup or dIrrs. The CMD morphologies of the most luminous dIrrs are similar to those in the intermediate luminosity range, only with more strongly populated sequences. However, the dEs have no clear analogs among lower luminosity systems. While they appear to be predominantly old like dSphs, the dEs have very broad and red RGBs, indicative of high metallicites and/or multiple generations of star formation over their lifetimes. The luminous dIrrs and dEs have CMDs that typically do not extend more than a magnitude below the HB, chiefly because of their large distances and high surface brightnesses, both of which increase crowding effects.
ANALYSIS

Measuring the Star Formation Histories
We measured the SFH of each field using the maximum likelihood CMD fitting routine, MATCH (Dolphin 2002) . Briefly, MATCH works as follows: it accepts a range of input parameters (e.g., IMF slope, binary fraction, age and metallicity bin widths), uses these parameters to construct synthetic CMDs of simple stellar populations (SSPs), and then linearly combines them with a model foreground CMD to form a composite model CMD with a complex SFH. The composite model CMD is then convolved with the noise model from the artificial star tests (i.e., completeness, photometric uncertainties, and color/magnitude biases). The resulting model CMD is then compared to the observed CMD using a Poisson likelihood statistic. This process is repeated for various weights on the SSPs, until the overall likelihood function is maximized. The synthetic CMD that best matches the observed CMD is deemed to have the most likely SFH that produced the data. More technical details of MATCH are presented in Dolphin (2002) .
In this paper, we have adopted the following parameters for the SFH solutions: a Kroupa IMF (Kroupa 2001) , a binary star fraction of 0.35 with the mass of the secondary drawn from a uniform distribution of mass ratios, and the Padova stellar evolution models of (Girardi et al. 2010) , with mass limits ranging from 0.15 to 120 M . We have selected the Padova models for our analysis as they are currently the only stellar models that span the full range in mass, metallicity, and evolutionary phase needed to analyze this diverse collection of galaxies. As described in §3.3, we also characterize uncertainties in the SFHs due to our choice in stellar models, which helps to mitigate known shortcomings present in many stellar evolution libraries (c.f., Gallart et al. 2005) .
To balance computational speed with reasonable time resolution, we have selected 50 time bins that are logarithmically spaced by 0.1 dex from log(t) = 6.6 to 8.7, and by 0.05 dex from log(t) = 8.7 to 10.15. We allowed the program to search for metallicities between [M/H] = −2.3 and 0.1 with a resolution of 0.1 dex. However, due to the variable depth of the data across the sample and difficulty in constraining chemical evolution models solely from optical broadband CMDs, we required the mean metallicity to increase monotonically with time. Within each time bin, however, we permitted a 1-σ metallicity dispersion of 0.15 dex, which provides the flexibility to capture potential metallicity spreads at each age. For consistency across the sample, we imposed this metallicity restriction on all fields, even those with CMDs that extend below the oldest MSTO. Through extensive testing, we found that for such deep CMDs the resulting SFHs and chemical evolution models were consistent whether the condition of monotonic chemical evolution was required or not.
For each field, we adopted the photometric limits indicated in Table 2 . These limits generally fall within the 30-50% completeness limits of the data. In the case of more crowded fields, e.g., NGC 205, DDO 210, we adopted more liberal limits (i.e., 30-50%), for maximum photometric depth, whereas for deeper, less crowded fields (e.g., Sculptor, Draco), we generally adopted limits closer to 60-70% completeness, as these conservative limits are typically below the oldest MSTO those CMDs. We examine the issue of CMD depth and SFH recovery further in §3.6.
We additionally modeled intervening Milky Way foreground stars by adding model foreground stars to the composite synthetic CMD. Specifically, we generated synthetic CMDs using the Dartmouth stellar evolution libraries (Dotter et al. 2008 ) and the Milky Way structural model presented in de Jong et al. (2010) , and allowed MATCH to linearly scale the resulting CMD to model any putative foreground stars that may have contaminated each CMD. The Dartmouth models extend to slightly lower stellar masses (0.1 M ) than the Padova models (0.15 M ), which allow for a more realistic foreground population model. In general, we found the resulting scaling factors to be quite small, in agreement with the prior expectation that few foreground stars would fall into a typical HST field of view. As previously discussed, in the case of Sagittarius dSph, we used off-galaxy HST/WFPC2 fields as the empirical foreground CMD in the modeling process.
We have not explicitly accounted for blue straggler stars when measuring the SFHs. The optical colors and magnitudes of blue stragglers are the same as ∼ 1-3 Gyr main sequence stars. However, because there are currently no generative models for blue stragglers, it is not possible to explicitly include them in the SFH measurement process. It is possible to simply exclude putative blue stragglers from the CMD fitting process a priori. However, it is not always clear whether stars in the blue plume of early type galaxies are blue stragglers or main sequence stars (e.g., Martin et al. 2008; Sand et al. 2010; Okamoto et al. 2012 ). If they are main sequence stars, excluding them would remove critical information about interesting late time star formation in early type galaxies. Thus, we adopt the approach of including the blue plume in every field, and use literature studies as guidance for interpreting the SFHs. Several studies have empirically shown that blue plume stars in early type galaxies comprise 5-7% of the system's total stellar mass (e.g., Mapelli et al. 2007; Momany et al. 2007; Mapelli et al. 2009; Sand et al. 2009 Sand et al. , 2010 Sand et al. , 2012 Monelli et al. 2012; Santana et al. 2013) , making them minor contributors to the overall SFH. We approach any science interpretations that involve the late time SFHs in early type galaxies with the appropriate caution.
Finally, for star-forming dwarfs we included an agedependent differential extinction model for stars with ages of < 100 Myr as specified in Dolphin et al. (2003) . In this model, stars with ages between 100 and 40 Myr have a linearly increasing maximum differential extinction from 0.0 to 0.5 mag in A V and stars < 40 Myr in age all have a maximum extinction of 0.5 mag in A V . This model has been shown to provide optimal fits to the young stellar populations in a variety of nearby dwarf galaxies (e.g., Dolphin et al. 2003; Skillman et al. 2003; Weisz et al. 2011a) , and is necessary to accurately reproduce the observed integrated blue-optical and ultraviolet light of dwarf galaxies in the Local Volume (Johnson et al. 2013 ).
Adopted Distance and Extinction Values
When computing the most likely SFHs, we adopted single values for distance and foreground Milky Way extinction. Uncertainties in the SFHs due to precision in distance and extinction are a negligibly small part of the total SFH error budget; both random uncertainties and systematic effects due to the underlying stellar models can be over an order of magnitude larger (e.g., Dolphin 2012 Dolphin , 2013 . We determined the single values for both distance and extinction through the following procedure:
1. Calibrate the distance indicators: For CMDs with a well-populated tip of the red giant branch (TRGB), we used maximum likelihood fitting technique from Note. -The adopted values used for SFH analysis in each fields. Measurement of the adopted distance and extinction values are discussed in §3.2. We have not listed uncertainties in either distance or extinction because they contribute a negligible amount to the total SFH error budget, as demonstrated in Dolphin (2013) . Column (5) lists the projected distance between the galaxy coordinates listed in McConnachie (2012) and the center of each WFPC2 field. Column (6) is the ratio of the WFPC2 field area to a circular area defined by the galaxy's half-light radius. Column (7) lists the absolute value of the completeness limits from Table 2 and uses the distance and extinction values from Columns (2) and (3). Columns (8) and (9) list the effective temperature and bolometric magnitude shifts applied to the best fit SFH model in order to mimic uncertainties in the stellar models used to derive the SFHs, i.e., the systematic uncertainties. The details of systematic uncertainty analysis as described in Dolphin (2012) . Makarov et al. (2006) to measure the magnitude of the TRGB. We compared each distance with the apparent F814W distance modulus obtained by allowing MATCH to find the distance and extinction from the best fit CMD. Comparing these two, we found the TRGB magnitude minus the apparent distance modulus of M F814W = −3.96. We repeated the procedure for the HB and found the mean m F555W HB magnitude minus the apparent distance modulus of M F555W = +0.66.
2. Measure apparent distances: For all fields with a TRGB and/or HB measurement, we computed the apparent distance moduli using the calibration in the previous step.
3. Measure or adopt extinction: For most fields, we adopted the Schlafly & Finkbeiner (2011) extinction values from NED at the location of the pointing. For fields with A V > 0.2, we used MATCH to determine the value of A V that provided the best fit, given the apparent distance modulus.
4. Adopt a distance: For fields with both a TRGB and HB apparent distance measurement, we adopted the value that provided the best fit CMD.
5. For galaxies with multiple fields, we computed the absolute distance modulus per field, and set the final distance and extinction values to the average.
6. For galaxies with neither a strong HB nor a wellpopulated TRGB, we allowed MATCH to find the most likely distance after adopting the extinction value from Schlafly & Finkbeiner (2011) .
7. For the Sagittarius dSph, we adopted the most likely MATCH distance and extinction combination, but required both fields to have the same distance.
The adopted distance and extinction values for each field are listed in Table 3 . We emphasize that our distance determinations are relative to the Padova stellar models, which we use both for CMD fitting and as a reference for HB and TRGB luminosities.
For comparison, we also have tabulated the distance moduli reported in McConnachie (2012) and the foreground extinction values from Schlafly & Finkbeiner (2011) in Table 4 . A cursory comparison between our distance and extinction values and those from the literature show good overall agreement. However, there are a few examples of poor agreement. The most extreme is for IC 10. Our derived extinction value for IC 10 is A V =2.3, while Schlafly & Finkbeiner (2011) find a value of A V =4.3. However, IC 10 is located at low Galactic latitude and suffers from a high degree of differential extinction. Therefore while the Schlafly & Finkbeiner (2011) value is an average in that direction of the sky, the HST observations targeted a low extinction window toward IC 10, which provides a qualitative reason for the difference. Further, despite a 2 magnitude difference in A V , our derived distance modulus of 24.44 is in good agreement with the value of 24.50±0.12 reported by McConnachie (2012) . There are also handful smaller disagreements (∼ 0.1 dex) between our distance determinations and those in the literature. However, McConnachie (2012) emphasize the heterogenous nature of their listed distance measurements (i.e., they range from TRGB measurements to MS fitting) and caution that the reported uncertainties are only statistical, and therefore should be considered with lower limits. Given these caveats, we find that our distance and extinction measurements are in good qualitative agreement with those commonly adopted in the literature.
Characterizing Uncertainties in the Star Formation
Histories Uncertainties in SFH measurements can be broken into two sources: random and systematic. Random uncertainties are due to the finite number of stars, and therefore generally scale in amplitude with the sparsity of the observed CMD. In comparison, systematic uncertainties are due to inherent shortcomings with the stellar models (e.g., uncertainties in convective overshooting, mass loss) used to measure the SFHs, and generally scale as a function of photometric depth, i.e., deeper CMDs provide more secure leverage on the lifetime SFH of a galaxy relative to a shallower CMD because they contain more age sensitive features and older MSTOs. However, other factors such as the intrinsic SFH and morphologies of key CMD features (e.g., HB, red clump (RC)) can also influence the accuracy. Detailed discussions of computing random and systematic uncertainties for CMDbased SFHs are described in Dolphin (2013) and Dolphin (2012) , respectively. Here we provide a brief description of how we computed uncertainties for this sample.
Random uncertainties were computed using a hybrid Monte Carlo (HMC) process (Duane et al. 1987) , with implementation details as described by Dolphin (2013) . The result of this Markov chain Monte Carlo routine is a sample of 10 4 SFHs whose density is proportional to the probability density, i.e., the density of samples is highest near the maximum likelihood point. Upper and lower random error bars for any given value (e.g., cumulative star formation at a particular point in time) are calculated by identifying the boundaries of the highest-density region containing 68% of the samples, where the value 68% adopted is an equivalent percentile range to the ± 1-σ bounds of a normal distribution.
Systematic uncertainties were computed by running 50 Monte Carlo SFH realizations on the best fit model CMD. For each realization, the model CMD was shifted in log(T eff ) and M bol following the procedure detailed in Dolphin (2012) using the values listed in Table 3 , and the SFH was re-measured. From the resulting 50 SFHs, we computed the range that contained 68% of distributions, and designated this as the systematic uncertainties. As discussed in Dolphin (2012) , this technique is designed to produce 1-σ uncertainties that include the best fit SFHs as derived with either Padova, BaSTI (Pietrinferni et al. 2004) , or Dartmouth stellar evolution models.
For clarity, throughout the paper, we provide values for both the systematic and random uncertainties, and will specifically refer to the type of uncertainty being considered in the context of particular discussions. The values of these uncertainties are tabulated in Tables 5  and 6 .
Finally, we also estimate systematic uncertainties for various ensemble populations, e.g., the average cumula-tive SFH of dIrrs, that we analyze throughout this paper. Systematic uncertainties for ensemble SFHs are challenging to compute. Simply adding systematic uncertainties in quadrature from individual SFHs does not account for covariances in the uncertainties that can arise for galaxies with similar photometric depths and/or SFHs, and would result in an overestimate of the true uncertainty.
To estimate the systematics for the ensemble populations, we adopted the following Monte Carlo approach which was first outlined in Weisz et al. (2011b) . Using the BaSTI stellar models, we generate 50 CMDs, each with a constant SFH and 100,000 stars, to minimize Poisson noise. We then recover the simulated SFH using the Padova models. We repeat this exercise at a variety of photometric depths to capture the systematic uncertainties as a function of age and photometric depth. We compute the mean and standard deviation for each realization.
For each ensemble population (e.g., the photometric depth distribution of all the real dIrrs), we then compute the ensemble mean and standard deviation, i.e., we compute the average offset and standard deviation at each photometric depth. Here, the standard deviation is the root mean squared of the standard deviation for a set of Monte Carlo realizations of a given depth.
Using these ensemble uncertainties, we then compute two useful systematic uncertainties, differential (or relative) and absolute. The differential systematic is used when comparing two different populations, e.g., dSph and dIrr SFHs. In this case, we subtract the input constant SFH from the mean of the ensemble SFHs. The differential systematic, i.e., relative to a known truth, is then the root square sum (RSS) of the difference in the mean and ensemble standard error. The second is the absolute systematic, i.e., not relative to a known true SFH, which enables comparisons with non-CMD based SFH determinations. This is computed identically to the differential systematic, only the true mean is not subtracted out. The absolute systematic is then the RSS of the recovered mean and the standard deviation.
We provide a simple example to illustrate the combination of the ensemble uncertainties. Suppose we have three groups of galaxies: X, Y, and Z, each with two galaxies, and we wish to compute the systematic of group X relative to groups Y and Z. In group X, there are two galaxies. At as single time point, 10 Gyr ago, the first has a mean of −0.1, relative to the input constant SFH and a standard deviation of 0.1. At the same epoch, the second has a mean of +0.1 and a standard deviation of 0.2. The average of the two has a mean of 0 and a standard deviation of 0.22. Now we wish to know the relative uncertainty of group X relative to Y and Z. Suppose groups Y and Z have means of −0.05 and −0.10, so the combined mean is −0.05. Relative to this average, group X has a mean of + 0.05 and a standard deviation of 0.22. The total differential systematic at 10 Gyr has a values of 0.23, which is the RSS of offset (0.05) and standard deviation (0.22).
An Example Star Formation History Measurement
In Figure 4 , we show an example of the quality of our CMD fit for Leo T. Leo T contains several elements that are challenging to the CMD fitting process, including a sparsely populated CMD and star formation at virtually all ages. It therefore provides a good illustration of how CMD fit qualities are evaluated. In this figure, we show Hess diagrams (i.e., a 2D density plot of the CMD) for: the observed data in panel (a); the best fit model in panel (b); and the residual significance (i.e., the residual weighted by the variance) in panel (c). We also plot the resulting cumulative SFH in panel (d) .
Overall, we find that the model reproduces the observed CMD reasonably well. The best fit model contains an RGB, SGB, and oldest MSTO that are well-matched to the observations in terms of density of stars, luminosities/colors, and width of features. For intermediate age populations, the model shows several turnoffs crossing horizontally from the MS to the RGB, that match the scattering of observed stars over the same range. Finally, the model finds a sparsely populated blue helium burning sequence (BHeB), which is in reasonable agreement with the data, but that is subject to the known mismatches in color between BHeB models and observations (e.g., McQuinn et al. 2011) . Even with this complex CMD, the observed and model Hess diagrams agree well, with few coherent structures in the residual Hess diagram.
However, not all features are in good agreement. As shown in the residual Hess diagram, the presence of coherent structure near the RC indicates a systematic mismatch between the observed and modeled RC. This problem is a known feature of the generation of Padova mod-els used in this paper (e.g., Gallart et al. 2005) . Similarly, the Padova RGB is often too blue compared to observations, which can result in a mismatch between photometric and spectroscopic metallicities, as discussed, for example, in Weisz et al. (2012) . In the case of Leo T, the model RGB matches the data reasonably well, but does so with a higher mean metallicity ([M/H] = −1.7) than the spectroscopic mean metallicity of [Fe/H] ∼ −2.3 (e.g., Simon & Geha 2007) . Both issues may be alleviated by newer models (e.g., Bressan et al. 2012; VandenBerg et al. 2012; Paxton et al. 2013) , but this hypothesis remains largely untested at the present. However, aside from the Padova models with low metallicity AGB updates in Girardi et al. (2010) , there are no other stellar evolution libraries that include the entire range of mass, metallicity, and evolutionary phases needed to analyze a diverse collection of galaxies such as the LG dwarfs. Leo T's cumulative SFH, i.e., the fraction of total stellar mass formed prior to a given epoch, is shown in panel (d). The black line represents the best fit SFH and the error envelopes reflect the 68% confidence interval of random uncertainties (yellow) and the total uncertainties (random plus systematic; grey), as described in §3.3. The cumulative SFHs provide a convenient way to compare galaxies whose absolute SFHs and stellar masses are orders of magnitude apart. Cumulative SFHs also minimize many of the issues that affect interpreting absolute SFHs, e.g., interpreting covariant SFRs in adjacent time bins and defining an appropriate time resolution (e.g., Harris & Zaritsky 2001; Dolphin 2002; McQuinn et al. 2010b) .
We inspected the fits for every field using the same diagnostics as in Figure 4 . Overall, we found the fits to be satisfactory, with similar caveats to those listed above (e.g., systematic mismatches in the RC and offsets in the helium burning sequences in star-forming galaxies, and higher mean metallicities than those derived from spectroscopy).
The Anomalous Star Formation Histories of Cetus
and And VII Despite the satisfactory quality of the fits, two of our galaxies (And VII and Cetus) appeared to have unrealistically precise systematic uncertainties given their extremely shallow CMDs. In this section, we discuss the causes of the overly precise uncertainties and discuss the implications for our ensemble of SFHs.
The CMDs of these two galaxies are shallow enough to exclude age sensitive features such as the HB or RC. Additionally, as early type galaxies, they have no young stellar sequences. Therefore, measurement of their SFHs relied exclusively on the RGB and Thermally Pulsating-AGB (TP-AGB) populations. We have found that the Padua isochrones downloaded from the CMD web tool 11 included as few as two TP-AGB points brighter than the TRGB, introducing artifacts above the TRGB into the synthetic CMD models. These artifacts were minimized for the oldest populations, causing MATCH to prefer to use the oldest populations when fitting these CMDs. Because And VII and Cetus are the only early type galaxies in our sample that have such shallow CMDs, their SFHs were 11 http://stev.oapd.inaf.it/cgi-bin/cmd The TP-AGB artifacts only affect CMDs of early type galaxies where the age leverage comes entirely from the RGB and TP-AGB. Galaxies with moderately deep CMDs (e.g., And II, Tucana) or extremely deep CMDs (e.g., Carina, Draco) do not suffer from this problem. Likewise, star-forming galaxies with extremely shallow CMDs (e.g., Sag DIG, Sex B) show appropriately sized uncertainties. In our sample, only And VII and Cetus are affected by this issue. The remaining 95% have appropriately sized uncertainties given their CMD depths. See §3.5 for further discussion. therefore measured to be dominated by ancient stars to an unrealistically high precision.
To illustrate our concerns with these galaxies, we plot their SFHs in the top two panels Figure 5 . For comparison, we have also measured their SFHs using the Dartmouth models (dashed lines). Here, we see that the Padova and Dartmouth SFHs of And VII and Cetus are not consistent within uncertainties, because the uncertainties are significantly underestimated for reasons described above.
In 95% of our sample, the uncertainties have the appropriate amplitude. We illustrate this for representative CMDs in the bottom panels of Figure 5 . The middle panels show the case of early type galaxies with intermediate depth CMDs (i.e., they include the HB; e.g., And I and Tucana) and extremely deep CMDs (i.e., they include the oldest MSTO; e.g., Carina and Draco). In all cases, the SFHs are consistent within uncertainties. In the bottom panels, we highlight that shallow CMDs of star-forming galaxies (Sex B and Sag DIG) also have the appropriate amplitude uncertainties. Thus the effects of TP-AGB artifacts on SFH measurements are limited to a minority of cases, but general caution is suggested when analyzing similarly shallow CMDs of early type systems, which echoes previous discussion by Gallart et al. (2005) . For the remainder of this paper, we will exclude the SFHs of Cetus and And VII from any analysis.
Comparisons with Star Formation Histories
Derived from Deeper CMDs One way to illustrate the robustness of our SFHs is to compare those derived from typical depths to SFHs derived from CMDs that extend below the oldest MSTO. This test is particularly useful in cases where the WFPC2 CMDs do not reach the oldest MSTO and/or are sparsely populated, each of which can introduce large random and/or systematic uncertainties. Fortunately, within the past few years there have been several HST/ACS observations of LG dwarfs in our sample that extend below the oldest MSTO, enabling such an empirical exercise.
In Figure 6 , we consider five such cases. Here, we plot the cumulative SFHs measured from our data in greyscale and SFHs derived from deeper data in color. For Tucana, LGS 3, Cetus, Leo A, and IC 1613, the deeper observations come from the LCID program (e.g., Cole et al. 2007; Monelli et al. 2010a,b; Hidalgo et al. 2011; Skillman et al. 2014 ) and for Leo IV the observations are from Brown et al. (2012) . In all cases, the CMDs extend one or more magnitudes below the oldest MSTO. To ensure consistency, reduction of the ACS data was done with DOLPHOT, the successor to HSTPHOT that has been extended to include a specific ACS module, and the SFHs were measured using the identical process described in §3.1. All error envelopes on the deeper data in Figure 6 reflect the total uncertainties in the SFHs (i.e., systematic and random combined).
Overall, we find that the WFPC2-based SFHs are similar to those derived from the deeper data. The general trends present in the deep ACS-based SFHs are reflected in the shallower data. For example, Leo A shows a late time increase in both SFHs, despite a WFPC2 CMD that only includes a ∼ 1 Gyr MSTO. Additionally, IC 1613, LGS 3, Tucana, and Leo IV all have WFPC2-and ACSbased SFHs that are in excellent agreement, i.e., all are consistent within the uncertainties.
Comparing the SFHs of these five galaxies provides two important insights into CMD analysis. First, CMDs that extend only as deep as the HB (i.e., they include the RC and HB), and do not include the oldest MSTO, still contain significant information about the lifetime SFH of a galaxy. That is, SFHs based on CMDs that only contain less certain phases of evolution (e.g., the RGB, AGB) along with the HB and/or RC, result in an accurate but Figure 6 . A comparison between the SFHs analyzed in this paper (black and grey) with SFHs derived from deeper HST/ACS observations (colored; dSphs, red; dIrrs, blue; dTrans, orange) of the same galaxies. For the WFPC2 data, the uncertainties are as described in Figure 5 . For the deeper data, the shaded error envelopes indicate the total uncertainties (i.e., random and systematic). The black dot in each panel indicates the approximate MSTO age for the WFPC2 data. Overall, each pair of WFPC2 and ACS SFHs are consistent within uncertainties, indicating good agreement. In the case of Leo IV, both datasets extend below the oldest MSTO by ∼ 1 mag for WFPC2 and 3-4 mag for ACS. Despite the depth difference, the amplitude of the systematic uncertainties (dashed lines) are identical, illustrating the stars below the MSTO do not help improve the SFH measurement. Instead, the improved precision in the ACS SFH is due to the increased number of stars on the CMD around the MSTO and SGB. less precise measurement. Second, including systematic uncertainties is essential for accurate errors, given that they typically dominante the total error budget. Had we not included them in our analysis, the uncertainties on the shallow CMDs would have been significantly underestimated, and the SFHs from the shallower CMDs would have appeared to be inconsistent with the SFHs derived from deeper data. We refer the reader to to several other papers for in-depth discussions of systematic uncertainties (e.g., Weisz et al. 2011a; Dolphin 2012) .
In the final panel of Figure 6 , we compare the SFHs of Leo IV derived from two datasets that include the oldest MSTO and overlap in their sky coverage. The differences in the datasets are two-fold. First, the ACS CMD extends several magnitudes below the oldest MSTO, whereas the WFPC2 CMD extends ∼ 1 mag below the oldest MSTO. Second, the ACS CMD contains more stars, due to the larger ACS field of view.
Despite these differences, the SFHs from the two datasets are almost identical. Both best fit SFHs show that Leo IV formed 90% of its stellar mass prior to ∼ 11-12 Gyr ago. The primary difference between the two solutions is in the amplitudes of the uncertainties. For both SFHs, we have plotted the total uncertainties as shaded envelopes (ACS in red; WFPC2 in grey) and the systematic-only uncertainties as dashed lines (ACS in red; WFPC2 in black). The total uncertainties for the WFPC2 solution are much larger than for the ACS solution. However, the systematic uncertainties are virtually identical in amplitude, since they are typically dominated Figure 7 . The cumulative SFHs of all fields analyzed in this paper, sorted by increasing absolute V-band luminosity, assuming the distance and extinction corrections listed in Table 3 . The fields are color-coded according to present day morphological type: dSph (red); dIrr (blue); dTrans (orange); dE (green). The solid black line represents the best fit SFH, while shaded envelops represent the 68% confidence interval due to random uncertainties (yellow) and total uncertainties (random and systematic; grey). Each plot has been normalized such that its total stellar mass formed is unity at the present day. The colored dots in each panel indicate the approximate age of the oldest MSTO on each CMD. The tabulated SFHs and uncertainties for each field are listed in Table 5 .
by uncertainties in the model isochrones which affect both datasets identically. Thus, the improved precision in the ACS-based SFH is due to the increased number of stars on the CMD, and not to the extra depth gained. Stars below the oldest MSTO are largely insensitive to SFH (e.g., Gallart et al. 2005) , and therefore do not provide additional constraints on the SFH of a galaxy. In contrast, the increased number of stars in age sensitive regions of the CMD (e.g., RGB, SGB, MSTO) can drastically decrease the random uncertainties, particularly in the case of sparsely populated ultra-faint dwarf galaxies. For the purposes of measuring globally representative SFHs, it is preferable to survey larger areas that just capture the oldest MSTO than it is to acquire extremely deep observations extending well below the oldest MSTO of a smaller area.
CHARACTERIZING THE STAR FORMATION HISTORIES
In Figure 7 we plot the cumulative SFHs for all fields in our sample. In Figure 8 , we plot combined cumulative SFHs for galaxies that have multiple fields. The combined SFHs are simply the unweighted sum of the absolute SFHs of each field, converted into cumulative space. The uncertainties were propagated following the method described in the appendix of Weisz et al. (2011a) . Figures 7 and 8 show that the LG dwarf galaxies have a Table 6 .
wide variety of complex SFHs, which is consistent with previous studies of nearby dwarf galaxies (e.g., Hodge 1989; Grebel 1997; Mateo 1998; Tosi 2007; Tolstoy et al. 2009; McQuinn et al. 2010a; Weisz et al. 2011a ).
In the following sections, we explore the complexity of these SFHs in the context of several intrinsic (e.g., stellar mass) and external (e.g., proximity to a massive galaxy) variables. Our primary focus is to investigate trends in the ensemble SFHs as opposed to individual galaxies. Many papers have been devoted to studies of individual LG dwarf SFHs, as indicated in Table 2 . While comparing our measurements with those in past studies is an interesting exercise, it is beyond the scope of the present paper. Instead, we focus on the broader properties of the sample, and only comment on the SFHs of individual galaxies in specific instances. To facilitate use of this dataset for comparison with existing SFHs, models of dwarf galaxies, and/or LG simulations, we tabulate the detailed SFHs for each field and galaxy, including all uncertainties, in Tables 5 and 6 .
The Average Star Formation Histories
We begin by examining average SFHs for different subsets of galaxies. Average SFHs provide a simple diagnostic for broadly differentiating between galaxies of different morphological types, for comparing to simple models of star formation, and for tracing star formation as a function of halo mass over cosmic time (e.g., Grebel et al. 2003; Weisz et al. 2011a,b; Leitner 2012; Behroozi et al. 2013b) .
In Figure 9 , we plot the unweighted average cumulative SFHs of galaxies in our sample, grouped by morphological type; uncertainties are the 68% dispersion in the best fit SFHs. We first consider the relationships between the average SFH and scatter from individual galaxies per morphological type in Panels (a) -(d).
This comparison reveals several interesting trends. First, dSphs are predominantly old systems and have formed the vast majority of their stars prior to z ∼ 2 (10 Gyr ago). However, while this behavior holds on average, the individual galaxies show significant scatter, ranging from purely old to those with nearly constant lifetime SFHs. The rich variety in dSph SFHs has been known for over a decade (e.g., Grebel 1997; Mateo 1998; Grebel et al. 2003) , and has motivated increasingly sophisticated model efforts to reproduce the properties of MW dSphs (e.g., Mayer et al. 2001 Mayer et al. , 2006 Zolotov et al. 2012; Brooks et al. 2013; Kazantzidis et al. 2013) .
Second, there are few predominantly old dIrrs. On average, dIrrs formed ∼30% of their stellar mass prior to z ∼ 2, and show an increasing SFR toward the present, beginning around z ∼ 1 (7.6 Gyr ago). This behavior is generally reflected in the SFHs of individual dIrrs, which show only modest scatter relative to the average. The small degree of scatter and relatively isolated locations of the LG dIrrs may provide a template for how low mass galaxies evolve without significant environmental influence.
Third, on average, dTrans appear to have formed 45% of their total stellar mass prior to z ∼ 2, and have experienced nearly constant SFRs since that time. SFHs of the individual galaxies show modest scatter over most of their lifetimes. dTrans with predominantly old SFHs tend to have lower present day gas fractions, while those with higher gas fraction have had more constant SFHs over most of their lifetimes. This trend may provide insight into quenching mechanisms in low mass galaxies, which will discuss in a future paper.
Fourth, the dEs typically have an initial burst of star formation prior to ∼ 12 Gyr ago, followed by a nearly constant SFR. The dEs show little scatter relative to the average value, and all exhibit declining SFHs starting at z ∼ 0.1 (2 Gyr ago). The recent decline in SFRs may be related to the putative recent interaction between M31, M32, and NGC 205 (Choi et al. 2002) , while the decline in NGC 147 and NGC 185 may be due to their apparent paired nature (e.g., van den Bergh 1998; Fattahi et al. 2013) .
In Panels (e) -(h), we compare the average SFHs between the different morphological types. Here, in addition to statistical uncertainties, we also include differential systematic uncertainties as described in §3.3. To assess differences in the lifetime evolution of these systems, we examine when differences in the average SFHs exceed the relative uncertainties. Taken at face value, this plot indicates that, on average, all morphological types formed ∼ 30% of their stars prior to 12 Gyr, and are only statistically different after this epoch. This conclusion would appear to support claims that dwarfs with present day morphologies did not share a similar progenitor, as suggested in Grebel et al. (2003) .
However, the observed differences in our sample can be at least partially attributed to selection effects. HST Note. -Physical properties for galaxies in our sample taken from McConnachie (2012) . The stellar mass listed in column (4) is computed from the integrated V-band luminosity and assumes M /L = 1.
archival observations of dIrrs were often motivated by either recent SFH work or to collect as many stars as possible, and therefore the HST fields preferentially target the high surface brightness, central regions of the dIrrs. As a consequence, the SFHs derived from these fields are biased toward younger ages, relative to the expected gobal SFH of the galaxy i.e., the fraction of stellar mass formed at older ages is a lower limit. In some cases, this effect is somewhat mitigated by including an additional outer field (e.g., IC 1613, Leo A), but in others (e.g., NGC 6822, WLM), only fields that target different locations in the star-forming disk are available.
Despite these hard to capture selection effects, we suggest that the luminous dSphs (e.g., Fornax, Leo I) and dIrrs generally have similar, extended SFHs, while the lower luminosity dSphs (e.g., Leo IV) do not. Taken at face value, this suggests that a dwarf galaxy's SFHs may be a strong function of mass, but as we discuss in §4.2, it is likely a more complex combination of mass and environment.
In Panels (i) -(l) of Figure 9 , we over-plot simple SFH models (e.g., single old population, exponentially declining 'τ -models', and constant) on top of the average SFHs. Overall, we see some correspondence between simple SFH models and the average SFHs. The best matches are with the dSphs, whose average SFH is wellapproximated by a τ -model with τ = 5 Gyr.
For other morphological types, the model matching is slightly more complex. dIrrs, dTrans, and dEs all show a modest initial burst in their SFHs (> 10-12 Gyr ago) followed by nearly constant or slightly rising SFHs. The combination of an exponential SFH (τ ∼ 3-5 Gyr) prior to 10-12 Gyr ago, followed by a constant SFH thereafter provides a reasonable approximation for average SFHs of these three groups. This result is similar to results from our previous analysis of dwarf galaxies outside the LG (Weisz et al. 2011a ).
Trends in Star Formation History as a Function of
Galaxy Stellar Mass We now consider differences in our SFHs as a function of galaxy stellar mass. For simplicity, we place the galaxies into 4 bins of stellar mass from M ∼ 10 4 -< 10 8 M , and plot their SFHs in Figure 10 . The median best fit SFHs for each mass range are shown in black and the individual SFHs are color-coded by morphological type.
This plot shows a clear trend in average SFH, such that the galaxies with M < 10 5 M formed ∼ 80% of their Note. -The cumulative SFHs for each field in our sample. Column (3) is the total stellar mass formed per field computed by integrating the SFH. Note that this quantity is not the present day stellar mass, as it does not account for stellar evolutions effects (e.g., mass loss, stellar death). Columns (4) - (8) list the faction of total stellar mass formed prior to the specified epoch from the best fit SFH. The upper and lower error bars reflect the 16th and 84th percentiles in the uncertainties, with the random component listed first, and the total uncertainty (random plus systematic) listed second. By construction, the cumulative SFHs are 0 at log(t) = 10.15 and 1 at log(t) = 6.6. Note that this table is only a sample of the galaxies and time bins. The full table is available in electronic format on this website: http://people.ucsc.edu/~drweisz. 
IC 1613 Note. -The same as Table 5 , only for the combined SFHs of galaxies with multiple fields. The total SFHs per galaxy are the unweighted sum of the SFHs of their constituent individual fields. Note that this table is only a sample of the galaxies and time bins. The full table is available in electronic format on this website: http://people.ucsc.edu/~drweisz. stellar mass prior to z ∼ 2, while those with M > 10 7 M formed only ∼ 30% by the same epoch. Naively, this trend could be interpreted as evidence against an extension of galaxy 'downsizing' (e.g., Cowie et al. 1996; De Lucia et al. 2004; Thomas et al. 2005) to the lowest masses. If the galaxy downsizing trend persisted to low masses, we would expect to see the highest mass galaxies stop star formation before the lower mass galaxies (e.g., Fontanot et al. 2009 ). Here, however, the trend is reversed such it is that the lowest mass galaxies have truncated their star formation at earlier times.
However, the environment of the LG complicates this simple interpretation. The lowest mass galaxies in this plot are all located within the virial radius of MW or of M31 and were likely subject to environmental processing (e.g., ram pressure stripping, tidal interactions) that quenched star formation at early times. In contrast, more massive dwarfs are located well outside the virial radii of the MW or M31, and are less likely to have been significantly influenced by environment. This type of effect has also been observed in comparisons of satellite and field galaxy properties outside the LG (e.g., Wetzel et al. 2013) .
We consider environmental influences in more detail in Figure 11 . Here we show the best fit SFHs for dSphs located within the virial radius of the MW or M31, along with star-forming dwarfs located in the 'field' of the LG. Comparing the average SFHs among the three groups, we see that all formed similar fractions of stellar mass prior to ∼ 10-12 Gyr ago. Subsequently, we see that the satellite galaxies have roughly constant SFHs between ∼ 10-12 and 6-7 Gyr ago, after which star formation appears to drastically diminish. In contrast, the field galaxies, on average, show little mass growth from ∼ 12 to 7 Gyr ago, but exhibit rising SFHs from 7 Gyr ago to the present. As previously discussed, some of these differences could be due to field placement biases in the dIrrs, such that we are preferentially measuring a SFH biased toward younger ages. Correcting for this effect would likely bring the average field and satellite galaxies into agreement for a longer interval at early times. However, it is unlikely to drastically change the SFHs within Figure 10 . The cumulative SFHs as a function of stellar mass. Individual galaxy SFHs are color-coded according to morphological type (dSph, red; dIrr, blue; dTrans, orange; dE, green) . The black line is the median SFH in each mass bin and the grey uncertainty envelope is the root square sum of the differential systematic and the standard error in the median. There is a clear trend in the SFHs such that higher mass galaxies form a larger fraction of their mass at later times. However, this 'upsizing' trend can largely be attributed to environmental effects. See §4.2 for further discussion.
the last few Gyr where there is already clear divergence among the average SFHs.
Beyond the average SFHs, the distribution of individual SFHs in the three panels is quite interesting. For example, MW satellites show large scatter in their SFHs, whereas the scatter in the M31 satellites and field galaxy SFHs is noticeably less. From a physical standpoint, this scatter may reflect different in the mass assembly histories between the different sub-groups and the field population (as was previously suggested based on differences in HB morphologies, e.g., Da Costa et al. 2002) , or due to different manifestations of external processes (e.g., heterogenous effects of reionization, Busha et al. 2010) . True differences between the histories of the sub-groups would be particularly interesting, as many of our cosmological models of galaxy formation are based on the properties and histories of MW satellites.
Our data indicates that differences in the two groups may be subtle. As shown in Figure 11 , many of the M31 dwarfs in our sample appear to have enhanced intermediate age star formation relative to the MW satellites. However, a combination of shallow M31 satellite CMDs and complicated selection effects preclude us from drawing any statistically significant conclusions. Similarly for the field galaxies, the lack of predominantly old galaxies is intriguing and may provide guidance for understanding SFHs of isolated low mass galaxies. However, only two dIrrs have CMDs that include the oldest MSTO, meaning that our understanding of star formation in these galaxies at early times is very uncertain.
These issues can only be addressed with deeper imaging of dwarfs outside the virial radius of the MW. Unfortunately, the number of LG dwarfs whose SFHs are derived from the oldest MSTO is small, and as a result, our knowledge of the earliest epochs of star formation outside of MW satellites is limited. Currently, the only galaxies with CMDs that include the oldest MSTO outside the MW virial radius are Cetus, Tucana, Leo A, LGS 3, IC 1613, Phoenix, and Leo T, roughly 10% of the known LG dwarfs population. Even less is known about the the dSphs in the M31 system, where only recently has HST imaging captured the first oldest MSTOs in two M31 satellites, Andromeda II and Andromeda XVI (Weisz et al. Submitted) .
Finally, we examine the SFHs of dSphs. Many dSphs are known to host complex and extended histories, and the relationship between these SFHs and their evolution is still not well-understood (e.g., Mateo 1998; Tolstoy Figure 10 only for the MW dSphs, M31 dSphs, and 'field' galaxies. There may be subtle differences in the SFHs of MW and M31 satellites. However, both selection effects and large uncertainties on the M31 satellites SFHs compromise any quantitative comparisons.
et al. 2009, and references therein). In contrast, the lowest luminosity dSphs are thought to generally host simple stellar populations, and are among the best candidates for remnant primordial galaxies (e.g., Simon & Geha 2007; Kirby et al. 2008; Peñarrubia et al. 2008; Frebel 2010; Belokurov 2013; Walker 2013) . Despite their intriguing nature, few quantitative comparisons of SFHs across the entire LG dSph spectrum exist.
To facilitate a comparison among the dSphs, in Figure 12 , we plot the best fit SFHs of the MW dSphs. We include only the MW dSphs as all their CMDs extend below the oldest MSTO, providing secure lifetime SFHs with minimal systematic uncertainties. We have also divided the dSph SFHs into two groups, so-called 'classical' and 'ultra-faint' dwarfs, to allow for additional comparison between these two purported 'classes'. We have excluded Sagittarius from this comparison due to its unusual interaction history.
We first consider broad trends as a function of luminosity. In general, the least luminous dSphs tend to have had their star formation quenched at earlier times than the most luminous dSphs. For example, galaxies such as Hercules (M V = −6.6) and Leo IV (M V = −5.8) formed > 90% of their stellar mass prior to ∼ 11-12 Gyr ago, while more luminous dSphs such as Fornax (M V = −13.4) and Leo I (M V = −12.0) did not form the same percentage of their stellar mass until 3 Gyr. These differences are likely due to variations in infall times and environmental processing effects on MW satellite galaxies (e.g., Lokas et al. 2012; Rocha et al. 2012; Kazantzidis et al. 2013) . However, others have suggested that reionization can play an increasingly important role in the quenching of star formation in the lowest mass galaxies (e.g., Bullock et al. 2000; Ricotti & Gnedin 2005; Bovill & Ricotti 2011a,b; Brown et al. 2012; Okamoto et al. 2012 ). We will discuss the topics of reionization and quenching in LG dwarfs in future papers in this series.
There are clear exceptions to the general trend. For example, low luminosity galaxies CVn I (M V = −6.6) and CVn II (M V = −4.9) have SFHs that extend to lookback times of ∼ 8-11 Gyr ago, while Sculptor (M V = −11.1) formed 90% of its stellar prior to 10-11 Gyr ago. Further, galaxies with comparable luminosities can have different SFHs: Ursa Minor (M V = −8.8) and Draco (M V = −8.8) formed 90% of their stellar mass prior to 8-9 Gyr ago, while Carina (M V = −9.1) formed the same amount of stellar mass ∼ 3-4 Gyr ago.
It is clear from this comparison that more luminous Figure 12 . The cumulative SFHs of the MW ultra-faint and classical dSphs. The classical dwarfs show a diversity in SFHs: Hercules and Leo IV are purely old, while CVn I and CVn II have extended SFHs. The classical dwarfs also have both predominantly old galaxies (e.g., Sculptor, Draco) and those with extended SFHs (e.g., Carina, Fornax). There are no apparent systematic differences between the SFHs of the ultra-faint and classical dwarfs in our sample.
dwarfs generally have extended SFHs. However, deviations from this relationship (e.g., CVn I, Carina, Sculptor) suggest that the environmental history of individual galaxies are also important (e.g., tidal and ram pressure stripping, Mayer et al. 2001 Mayer et al. , 2006 , and should be considered in any evolutionary model of dSphs. Finally, we briefly comment on the dichotomy between 'ultra-faint' and 'classical' dSphs. The unfortunate naming convention implies the presence of a systematic physical division between the two 'classes'. However, most observational evidence indicates that both sample sequentially fainter regions of the dSphs luminosity function, e.g., they form a continuum on the mass-metallicity and size-luminosity relationship (e.g., McConnachie 2012; Belokurov 2013; Walker 2013, and references therein), suggesting that the main differences are simply in the naming convention.
In Figure 12 , we see that there is not always a clear difference between the SFHs of ultra-faint and classical dSphs. As previously discussed, ultra-faint galaxies such as CVn I and CVn II have SFHs that extend to lookback times of ∼ 8-11 Gyr ago, which is similar to several classical dwarfs, and in agreement with the conclusions of de Jong et al. (2008a) .
Based on the aggregate SFH evidence from this paper and other studies of classical dwarfs (e.g., de Jong et al. 2008a; Sand et al. 2009 Sand et al. , 2010 Sand et al. , 2012 Brown et al. 2012; Okamoto et al. 2012) , we suggest that a division between ultra-faint and classical dSphs is arbitrary. While the least luminous dSphs may be more susceptible to galaxy evolutionary mechanisms (e.g., tidal effects, stellar feedback, Belokurov et al. 2009; Kirby et al. 2013 ) and have had simpler chemical enrichment histories (e.g., Frebel & Bromm 2012) , these effects may be a function of mass and environment, as opposed to a clean separation as implied by the naming convention. We therefore suggest that the current dividing line between ultra-faint and classical dSphs is arbitrary. Leitner 2012 Leitner (2012 have recently highlighted an interesting tension between the CMD-based SFHs of nearby low mass galaxies from Weisz et al. (2011a,b) and the spectra-based SFHs of more massive star-forming SDSS galaxies from Tojeiro et al. (2007 Tojeiro et al. ( , 2009 . Despite having the lowest average masses (log( M /M ) = 7.6), the star-forming dwarfs from the ACS Nearby Galaxy Survey Treasury program (ANGST; Dalcanton et al. 2009; Weisz et al. 2011a,b) have SFHs that most closely resembled the highest mass galaxies in the SDSS sample (log( M /M ) = 11.3). Specifically, the dwarfs in the 4 Mpc local volume formed > 50% of their stellar mass prior to z ∼ 1 whereas SDSS galaxies between log( M /M ) = 8.3 and 10.8 did not form comparable mass fractions until z ∼ 0.3 and 0.5. Thus, the nearby dwarfs appear inconsistent with the clear 'downsizing' trend that is present in the SDSS galaxy sample. Leitner (2012) discuss possible physical and/or technical reasons for the discrepancy (e.g., environmental influence on local galaxies, different biases in both CMD and spectral fitting), but find no clear resolution.
CONNECTING LOW-Z AND HIGH-Z STAR FORMATION HISTORIES
A Comparison with
One weakness of the ANGST sample is the uncertainty in the SFHs for redshifts higher than z ∼ 1. The typical ANGST CMD only partially resolves the RC, which results in uncertainties of order ∼ ± 0.3-0.4 in the cumulative SFHs for lookback ages 7.6 Gyr ago (z ∼ 1; Weisz et al. 2011a,b; Dolphin 2012) . Thus, as suggested by Leitner (2012) , the conclusions of that comparison should be treated with the appropriate caution.
Here, we re-visit the Leitner (2012) comparison using our better constrained LG dIrr SFHs. These galaxies are similar to the ANGST sample in the average stellar mass and they are are primarily drawn from an 'isolated' intragroup requirement; many of the ANGST dIrrs are from the M81 group. However, the LG dIrrs have CMDs that can reach 1-2 mags deeper, leading to better constraints on the SFHs for z>1. However, this gain is somewhat offset by the smaller sample size available in the LG (N LG = 8, N ANGST = 25) and the fact that the average covering faction of the LG galaxies is 5-10 times less than it is for the ANGST galaxies, meaning the SFHs are less globally representative (e.g., the LG observations do not typically include halo populations). We will discuss each of these effects in turn.
In Figure 13 , we show the median cumulative SFH along with statistical and systematic uncertainties for our eight LG dIrrs. We have over-plotted the SDSS SFHs from Leitner (2012) , and have excluded the dTrans galaxies from the LG comparison sample.
The trends in Figure 13 are similar to what was found with the ANGST sample. Namely that, on average, the LG dIrrs formed a higher fraction of their stellar mass at earlier times than most of the spectroscopically derived SFHs for the SDSS galaxies. Specifically, on average, the LG dIrrs formed ∼ 30% of their stellar mass by 10-11 Gyr ago (z ∼ 2). In comparison, the most massive SDSS galaxies (log( M /M ) = 11.3) formed a comparable fraction at the same epoch. However, for SDSS galaxies with lower stellar masses, the epoch at which they formed 30% of their mass becomes younger. This epoch is 9-10 Gyr ago for galaxies with log( M /M ) = 10.8, and ∼ 7 Gyr ago for galaxies with log( M /M ) = 8.3 -9.8. Subsequent to 7 Gyr ago (z ∼ 1), the LG dIrrs show a rising SFH similar to the lower mass SDSS galaxies.
However, this finding is not as dramatic as it is for the ANGST sample, in which the dIrrs formed 50-60% of their total stellar mass prior to 10 Gyr ago. This is Figure 13 . SFHs of the LG dIrrs (solid blue line and blue error envelope) and those of star-forming SDSS galaxies (dashed) presented in Leitner (2012) . For the LG dIrrs, we have plotted the median dIrr SFH and the approximate standard error in the median as the error envelope. The LG dIrrs do not appear to follow the clear downsizing trend that is present in the SDSS galaxies. They form a higher than expected stellar mass fraction at early times, which suggests that low mass galaxies may be more efficient at forming stars. However, there are a number of competing effects including field placement biases and systematic uncertainties that influence but do no resolve this tension. We discuss this comparison in detail in §5.
primarily due to aperture effects. Observations of LG dIrrs cover a modest fraction of the optical body of the galaxy, and are usually centrally concentrated. In contrast, observations of the more distant ANGST galaxies also include parts of the older halo populations, which increase the fraction of total stellar mass formed at older epoch. Thus, fraction of stars formed in the LG dIrrs > 10 Gyr ago should be considered a lower limit.
Taken at face value, this comparison has several interesting implications. First, it suggests that nearby low mass galaxies do not follow the SFH downsizing trends that are evident in the star-forming SDSS sample examined in Leitner (2012) . However, downsizing has not been investigated for galaxies in the mass range of LG dwarfs, and expectations are largely set by extrapolations from higher mass systems (e.g., Behroozi et al. 2013b ). Thus, our LG dIrr SFHs suggest that downsizing trends may not monotonically continue with decreasing galaxy mass.
Second, our results suggest that low mass galaxies may have been more efficient at forming stars at early times ( 10 Gyr ago) than is commonly thought. This finding echoes the conclusions from our study of nearby dwarfs outside the LG (Weisz et al. 2011a) . The current paradigm is that low mass galaxies are the least efficient at forming stars, which gives rise to nearly constant or rising SFHs (e.g., Behroozi et al. 2013a , and references therein), but our measurements suggest otherwise. We discuss star formation efficiencies in more detail in §5.2.
Having considered physical reasons for the observed differences in the LG and SDSS SFHs, we now consider systematic effects. One potential issue is the placement of the archival HST fields. As discussed in §2.1, HST has typically targeted the central regions of LG dIrrs, which has two effects on the SFHs. First, the central regions of dIrrs typically contain a higher percentage of younger stellar populations compared to the overall galaxy (e.g., Hidalgo et al. 2013) . As a result, the SFHs would be biased toward younger ages. Correcting for this effect would result in a larger discrepancy, and cannot resolve the current tension.
A second issue is that the CMDs of dIrrs in our sample do not reach the oldest MSTO. As a result, there are increased systematic uncertainties at older and intermediate ages in these galaxies (see §3.6). We have estimated the amplitude of these uncertainties on the ensemble dIrr population, and find that they are unable to resolve the tension with the Leitner (2012) SFHs.
Third, is that the assembly history of the LG may have influenced the ancient SFHs of these dIrrs. The LG is not the lowest density environment in which dwarfs are formed (e.g., voids, Pustilnik et al. 2002; Pustilnik & Tepliakova 2011) , which may have affected their SFHs at early times. The interaction between a gas-rich dwarf and a massive galaxies can result in several effects, including the temporary enhancement of star-formation, as is thought to be the case of the SMC and LMC (e.g., Besla et al. 2007 Besla et al. , 2012 Weisz et al. 2013 ) and the eventual quenching of star-formation (e.g., Teyssier et al. 2012; Slater & Bell 2013) . However, such environmental influences at early times are not well-understand, and therefore it is challenging to assess if and by how much the group environment influenced the SFHs of LG dIrrs.
Finally, we note that there are also systematics associated with the spectra-based SFHs of the SDSS galaxies. As discussed by Leitner (2012) and Conroy (2013) , SFHs of star-forming galaxies are challenging to measure from spectroscopy. Luminous main sequence stars dominate most of a star-forming galaxy's optical spectrum and can therefore 'hide' the signatures of older, lower mass stars. Effectively, this would systematically bias all spectra-based SFHs of star-forming galaxies to younger ages. As explained in Conroy (2013) , while there has been extensive testing of spectra based SFH determinations (e.g, Cid Fernandes et al. 2005; Tojeiro et al. 2007 ), these tests have primarily focused on internal diagnostics (e.g., self-consistency between star-forming and quiescent galaxies, establishing achievable time resolution as a function of signal-to-noise). Comparisons with other techniques (e.g., broad band SED fitting, CMD analysis) and estimates of systematics in the modeling process are either sparse or unexplored. This type of systematic bias and/or underestimation of uncertainties could also contribute to the observed discrepancy. We refer the reader to Conroy (2013) for an extensive review of the strengths and weakness of spectra-based SFH determinations. Behroozi et al. (2013b) combine abundance matching with extensive observational data to model the average SFHs as a function of halo mass across cosmic time. They employ a novel probabilistic model that incorporates a wide range of data from high redshift SFRs (e.g., Bouwens et al. 2011 Bouwens et al. , 2012 Bradley et al. 2012) to observations of recent star formation in the local universe (e.g., Hα, UV, 24 µm; Salim et al. 2007; Kennicutt et al. 2008; Moustakas et al. 2013) . They demonstrate agreement between their models and the cosmic SFH and the SFHs of galaxies more massive than M ∼ 10 9 M . However, they emphasize that due to a lack of data, their SFHs for galaxies with M ∼ 10 9 M are extrapolations from higher mass systems, and are therefore highly uncertain.
A Comparison with the Behroozi Star Formation Models
We use our LG SFHs to explore the validity of this extrapolation at stellar masses 10 9 M . In Figure 14 , we plot the median cumulative SFH of the ensemble of LG dIrrs along with statistical and systematic uncertainties. We also over-plot the median cumulative SFHs for each stellar mass range analyzed in Behroozi et al. (2013b) . When considering the full uncertainties, we find good agreement between the LG dIrr SFHs and the model predications for ages younger than ∼ 9 Gyr ago.
At older times, there is significant disagreement between the observations and models. Specifically, prior to 10 Gyr ago, the LG dIrrs formed an order of magnitude more stellar mass than is predicted by these models. As discussed in §5.1, correcting for biases in the measured SFHs (e.g., aperture effects) will typically increase the amount of stellar mass formed at ancient time, which exacerbates the difference. Similarly, including the factor of ∼ 2 scatter associated with the Behroozi et al. (2013b) and cannot reconcile the discrepancies.
From this comparison, it appears that nearby low mass galaxies have formed more stars at early times than is expected from abundance matching techniques, which are forced to rely on SFH extrapolations from higher mass galaxies. This comparison clearly demonstrates that caution is warranted when trying to infer the properties of low mass galaxies from their higher mass counter parts, as is emphasized in Behroozi et al. (2013b) .
As in §5.1, the source of these discrepancies is unclear. One physical possibility is that early star formation in low mass galaxies was more efficient than is widely believed. At present, low mass galaxies are thought to be among the least efficient star forming systems in the universe. For example, Behroozi et al. (2013a) argue that a time-independent star formation efficiency that scales with halo mass, i.e., the least mass galaxies are also least efficient at forming stars, does well in replicating the cosmic SFH and other higher redshift observations. But, they again emphasize a lack of data for low mass systems, and point out the dangers of extrapolating their results.
One possible explanation is that our knowledge of star formation efficiency in dwarf galaxies comes from z=0 populations. Most constraints on star formation efficiency for low mass galaxies come from studies of recent star formation (e.g., Hα, UV, 24 µm) and current gas content (e.g., Leroy et al. 2008; Salim et al. 2007; Kennicutt et al. 2008; Lee et al. 2011; Kennicutt & Evans 2012 ). Yet, star formation conditions and gas accretion rates at early times are thought to be more extreme than at z=0, making present day observables poor proxies for the early evolution of dwarf galaxies. A higher efficiency of star formation at early times is qualitatively similar to the early models of dwarf galaxies by Dekel & Silk (1986) . This model required high efficiencies at early times to generate sufficient stellar feedback energetics to eject cold gas, and induce morphological transformation. However, there are few observations that can explore the possi- Despite this caveat, we find reasonable agreement between the LG dIrr SFHs and the low mass SFH models for look back times younger than ∼ 9-10 Gyr ago. However, at older times, the models significantly under-predict the fraction of stellar mass formed. We discuss sources of this discrepancy in §5.1 and §5.2.
bility of a time-dependent star formation efficiency in dwarfs. Instead, a comparison between measured SFHs and SFHs from fully cosmological simulations of dwarfs (e.g., Governato et al. 2010; Shen et al. 2013 ) with different efficiencies may provide the best path forward for exploring the evolution of star formation efficiencies in low mass galaxies. We will pursue this comparison in a future paper.
SUMMARY
We present uniformly derived SFHs of 40 LG dwarf galaxies based on analysis of CMDs constructed from archival HST/WFPC2 imaging. We find the following results:
1. The lifetime SFH of a galaxy can accurately be measured from a CMD that does not reach the oldest MSTO. SFHs from shallower data are consistent with those derived from CMD that reach below the oldest MSTO, provided that systematic uncertainties in the underlying stellar models are properly considered. However, only CMDs that contain the oldest MSTO can be used to precisely constrain the first epoch(s) of star formation.
2. We highlight challenges in measuring the SFHs of early type galaxies due to an inadequate number of TP-AGB star evolutionary points in the Padova stellar models. For extremely shallow CMDs, the resulting SFH can either be inaccurate or overly precise. The majority of our sample, 38 out of 40 galaxies, are unaffected by this problem. We show that using multiple stellar models can somewhat alleviate this problem, and note that SFHs of early type galaxies that primarily rely on TP-AGB models should be treated with caution.
3. For sparsely populated systems, e.g., ultra-faint dwarfs, increasing the survey area (or number of stars at the oldest MSTO) leads to better SFH constraints compared to a small area extremely deep CMD. SFHs from CMDs that extend well below the oldest MSTO have the same amplitude of systematic uncertainty as SFHs measured from CMDs that capture the MSTO at modest signal-to-noise, i.e., ∼ 1 mag below the oldest MSTO. This is because stars below the oldest MSTO are highly insensitive to SFH. Instead, for sparse systems, the limiting factor in SFH precision is the number of stars on the CMD. CMDs with more stars in age sensitive regions (e.g., SGB, MSTO), e.g., from surveying large areas, will lead to more precise and more globally representative SFHs compared to extremely deep CMDs of smaller areas.
4. The average dSph SFH can be approximated by an exponentially declining SFH with τ = 5 Gyr. In contrast, the dIrrs, dTrans, and dEs have SFHs that are better fit by an exponentially declining SFH prior to ∼ 10 Gyr ago, with τ ∼ 3-4 Gyr, and a constant or rising SFH thereafter.)
5. The least massive LG dwarfs (M < 10 5 M ) formed 80% of their total stellar mass prior to z ∼ 2 (10 Gyr ago), while the more massive LG dwarfs (M > 10 5 M ) formed ∼ 30% of their total stellar mass by the same epoch. We discuss how this 'upsizing' trend might be attributed to selection biases and environmental effects in the LG. 6. Our data suggest subtle differences in the SFHs of M31 and MW satellites. However, the shallow depth of the M31 dSph CMDs and complicated selection biases preclude any concrete conclusions. Similarly, there are tantalizing differences in the early SFHs of field and satellites population, but CMDs of galaxies outside the virial radius of the MW are too shallow for the necessary constraints on the ancient SFHs.
7. Lower luminosity dSphs are less likely to have extended SFHs than higher luminosity dSphs. However, the modest scatter in the SFHs suggests that the trend is not a simple function of stellar mass, and that environmental effects (e.g., interaction history) have played an important role in shaping the evolutionary history of any given galaxy.
8. Some 'ultra-faint' and 'classical' dSphs have similar SFHs. We suggest that the boundary between ultra-faint and 'classical' dSph is arbitrary.
9.
LG dIrrs formed a higher fraction of stellar mass prior to z=2 than the star-forming SDSS sample from Leitner (2012) . We discuss possible systematics and selection effects, but find no resolution to this reverse downsizing trend.
10. Prior to z=2, LG dIrrs also formed a higher fraction of stellar mass than is predicted by the abundance matching models of Behroozi et al. (2013a) . This demonstrates that caution is warranted when inferring low mass galaxy properties from higher mass galaxy counterparts. One solution to this tension is that low mass galaxies may have had higher-thanexpected star formation efficiencies at early times.
